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CELL, DESIGN AND PROCESS FOR MAKING 
DYNAMIC RANDOMACCESS MEMORY 

(DRAM) HAVING ONE OR MORE GIGABITS 
OF MEMORY CELLS 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
This invention relates to integrated circuit Semiconductor 

devices, and more particularly to a method for fabricating 
dynamic random access memory (DRAM) devices having 
one or more Gigabits of memory cells. This novel method 
improves the memory-cell density using auto Self-aligning 
techniques while reducing electrical shorts between the 
word lines and polysilicon plug contacts. The method also 
reduces capacitor node leakage currents, and parasitic 
capacitance. Also reduced are the electrical shorts between 
the closely spaced polysilicon plugs via keyholes (voids) in 
the interpolysilicon oxide (IPO) due to poor gap filling with 
the IPO. 

(2) Description of the Prior Art 
AS integrated circuit density increases, it becomes 

increasing difficult to manufacture ultra large Scale inte 
grated (ULSI) circuits because of process limitations. This 
problem is particularly acute for making future DRAM 
devices having more than a Gigabit of memory cells. These 
proceSS limitations are best understood by referring to the 
conventional DRAM structure in the prior art FIGS. 1A and 
1B. FIG. 1A shows a portion of a partially completed 
DRAM cell. Typically a shallow trench isolation (STI) 12 is 
formed in a Silicon Substrate 10 Surrounding and electrically 
isolating device (memory cell) areas. Abarrier layer 13, Such 
as silicon nitride (SiN.), is deposited and patterned to form 
openings Over the device areas and a gate oxide 14 is grown 
on the substrate 10 for field effect transistors (FETs). A 
doped polysilicon layer 16, a refractory metal Silicide layer 
18 and an insulating cap layer 20 are deposited and patterned 
to form word lines (layers 16, 18) over the STI 12 while 
concurrently forming FET gate electrodes over the thin gate 
oxide 14. Doped source/drain areas 17(N) are formed adja 
cent to the gate electrodes by ion implantation and a con 
formal insulating layer is deposited and anisotropically 
plasma etched back to form Sidewall Spacers 22 on the 
sidewalls of the FET gate electrodes (patterned layers 16 and 
18). Next an insulating layer 24 is deposited and polished 
back to form the first interpolysilicon oxide layer (IPO-1) 
and a photoresist mask and plasma etching are used to etch 
contact openings that extend over the FET gate electrodes 
(Self-aligned) and down to the Source/drain areas. One 
problem encountered in this conventional Self-align proceSS 
is damage to the Source/drain areas 17 when the contact 
holes are plasma etched. Another problem is the overetching 
of the cap oxide layer 20, as depicted at point B in FIG. 1A, 
which can result in shorts to the FET gate electrodes when 
the contact holes are filled with a doped polysilicon 26 (poly 
plugs) to make electrical contacts. Also the poly plugs also 
overlap the gate electrodes resulting in increased parasitic 
capacitance, resulting in an increased RC time constants and 
reduced circuit Speed. Another problem encountered is poor 
gap filling between the closely spaced word lines (patterned 
layers 16, 18 & 20) having high aspect ratios, as depicted at 
point A in FIG. 1A. When closely spaced contact openings 
2 are etched in the insulating layer 24 and into the Voids. A 
between the word lines shorts can occur when the contact 
holes 2 are filled with polysilicon 26 to form the poly plugs. 
A major Shortcoming of the conventional process is the need 
to align the contact hole extending over the FET gate 
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2 
electrodes, and requires relaxing the alignment rules which 
makes it difficult to achieve the required density for Gigabit 
DRAM chips. Still another problem with the conventional 
process is depicted in FIG. 1B for concurrently making 
borderleSS contacts 4 to the Silicon Substrate, that is, contacts 
that extend over the shallow trench isolation (STI). When 
contact openings 2 are etched in the insulating layer 24, it is 
necessary to use an etch stop layer 13 (SiN) to prevent 
over etching the STI at the edge and damaging the contact. 
However, this requires additional process Steps. 
Numerous methods of making DRAM devices with 

improved electrical characteristics while increasing memory 
cell density have been reported. One method is described by 
Huang in U.S. Pat. No. 5,783,462 in which external contacts 
for testing Stacked capacitor DRAM, but does not address 
the above problem. Another method for making DRAM 
devices with increased density and improved sign-to-noise 
ratio is described by Keeth in U.S. Pat. No. 5,864,181 but 
also does not address the above concerns. Cherng in U.S. 
Pat. No. 5,837,577 teaches a method for making DRAM 
capacitor node contacts Self-aligned to... the bit lines but also 
does not address the above problems. 

However, there is still a need in the industry to provide an 
improved proceSS with novel cell design that is applicable to 
DRAMs having more than a Gigabit of memory cells. 
Further while reducing the narrow Spacings for Gigabit 
DRAMS by minimizing the alignment tolerance ground 
rule, it is also necessary to reduce parasitic capacitance, 
capacitor node leakage currents, and electrical Shorts 
between closely Spaced polysilicon plug contacts to achieve 
an acceptable circuit performance and an acceptable product 
yield. 

SUMMARY OF THE INVENTION 

A principal object of the present invention is to form 
capacitor-over-bit line (COB) dynamic random access 
memory (DRAM) devices with increased memory cell den 
sity for future DRAM devices with one or more Gigabits of 
memory cells. The increase in cell density is achieved by 
using a double auto Self-aligned polysilicon contact plugs 
technique. 
A second objective of this invention is to form these 

high-density memory cells with reduced electrical shorts, 
reduced parasitic capacitance to word lines and reduced 
capacitor node leakage current by reducing plasma etch 
damage at the Substrate contacts. 
A third objective of this invention is to form the inter 

polysilicon oxide (IPO) gap filling after the auto-Self-aligned 
polysilicon plugs are formed. This prevents the polysilicon 
plugs from shorting through keyhole channels (voids) in the 
IPO while the keyhole cavities between plugs further reduce 
intralevel capacitance. 

Still another objective of this invention is to provide a 
very cost-effective manufacturing process. 

This novel invention is a method for making DRAM 
devices with one or more Gigabits of memory cell. The 
method begins by providing a Semiconductor Substrate, Such 
as a P doped Single-crystal Silicon having a <100> crys 
tallographic orientation. A relatively thick Field OXide 
(FOX) is formed that surrounds and electrically isolates 
device areas on the substrate for the DRAM memory cells. 
One conventional method of forming the field oxide areas is 
by a shallow trench isolation (STI) method, as commonly 
practiced in the industry. Field effect transistors (FETS) are 
formed next by growing a thin gate oxide on the device 
areas. A first polycide layer is formed by depositing a 
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heavily N' doped polysilicon layer and a refractory metal 
Silicide layer. An insulating layer, Such as Silicon oxide 
(SiO2), is deposited to form a first cap layer on the polycide 
layer. The cap layer and first polycide layer are patterned to 
form the DRAM word lines that also serve as gate electrodes 
over the device areas. Next N doped Source/drain areas are 
formed adjacent to the gate electrodes and a conformal 
insulating layer is deposited and anisotropically etched back 
to form first Sidewall spacers on the gate electrodes. 

Next a thin conformal diffusion protection oxide layer, 
Such as SiO, is deposited and is patterned to form openings 
where contacts to the Substrate are desired. Then a first 
conducting layer, preferably composed of an N doped poly 
Silicon is deposited and is chemically-mechanically polished 
(CMP) back to the first cap oxide layer. A photoresist mask 
and plasma etching are used to pattern the polished back first 
conducting layer to form the first contact plugs for bit lines 
and for capacitor node contacts. The polish-back results in 
the first contact plugs being auto-Self-aligned to the gate 
electrodes. This eliminates the critical alignment require 
ment for etching the Self-aligning contact openings 2 in the 
conventional process (see FIG. 1A) and avoids the damage 
due to plasma etching in the contact opening. Also the 
damage to borderless contacts 4 (see prior art FIG. 1B) is 
also avoided. Next a first insulating layer, preferably SiO, 
is deposited and planarized by CMP. Because the first 
insulating layer is deposited after the polysilicon plugs are 
formed, the gaps (voids) formed are not continuously open 
between the closely spaced plugs. This avoids the electrical 
Shorts, of the conventional proceSS when contact openings 
are etched in the insulating layer having the keyhole gaps. 
Bit-line contact openings are etched in the first insulating 
layer to the first contact plugs for the bit lines. A Second 
polycide layer and a second cap layer, composed of Silicon 
nitride (SiN.), are deposited and patterned to form the bit 
lines. A conformal SiN or silicon oxynitride (SiON) layer 
is deposited and anisotropically etched back to form Second 
Sidewall Spacers on the bit lines. Capacitor node contact 
openings are Selectively etched in the first insulating layer to 
the first contact plugs for forming capacitor node contacts 
while the SiN. cap layer and the Second Sidewall Spacers 
(SiON) protect the bit lines during etching. A Second con 
ducting layer, preferably composed of an N-doped 
polysilicon, is deposited and polished back to the SiN 
Second cap layer. The polished back polysilicon layer is then 
patterned using a photoresist mask and plasma etching to 
form Second contact plugs for capacitor node contacts to the 
first contact plugs. This Second polish back results in a 
Second auto Self-aligned contact that eliminates another 
critical photoresist mask alignment a further increases cir 
cuit density. The method for making this high-density array 
of DRAM cells is now completed by forming a planar 
Second insulating layer, Such as SiO. Openings are etched 
in the Second insulating layer over and to the Second contact 
plugs for capacitor bottom electrodes. A conformal third 
conducting layer is formed in the openings for the capacitor 
bottom electrodes and a thin interelectrode dielectric layer 
and a fourth conducting layer are formed over the capacitor 
bottom electrodes to form the capacitors and to complete the 
high-density array of memory cells for Gigabit DRAM 
devices. 

The invention also includes a method of integrating into 
the DRAM process an improved borderless self-aligned 
contact (SAC). This improved SAC does not need a silicon 
nitride hard mask to protect the edge of the shallow trench 
isolation (STI), as in the conventional process when the 
contact openings are etched in a thick interpolysilicon oxide 
(IPO) layer to the silicon substrate. 
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4 
BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and advantages of this invention are best 
understood with reference to the attached drawings in the 
figures and the embodiment that follows. 

FIG. 1A shows a prior-art Schematic cross-sectional view 
of a partially completed DRAM depicting the Short-comings 
of the conventional technology, and FIG. 1B shows a 
prior-art Schematic cross-sectional view for a borderleSS 
Self-aligned contact made concurrently that also depicts the 
Shortcomings of the conventional technology. 

FIGS. 2 through 9 show a series of schematic cross 
Sectional views with Schematic top views depicting the 
Sequence of process Steps for making the high-density array 
of memory cells for a DRAM using an auto-Self-aligned 
contact method and the method for concurrently making a 
borderless SAC. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The invention is now described in detail for making this 
array of high-density memory cells for DRAMs having more 
than a gigabit of memory cells, and for concurrently making 
improved borderless self-aligned contacts for DRAM 
devices on a Silicon Substrate. The Series of croSS Sectional 
views in the left portions of FIGS. 2-9 are for making the 
DRAM cells and are likewise labeled “DRAM while the 
right portion of FIGS. 2-9 are for making the self-aligned 
contact (SAC) and are correspondingly labeled “SAC". The 
top views in FIGS. 3B and 4B depict only the DRAM cell 
design with the auto Self-aligned first polysilicon contact 
plugs. Self aligned to the word lines and contacting the 
substrate. The top views in FIGS. 7B and 8B depict the auto 
Self-aligned Second polysilicon plugs to the bit line for 
completing the capacitor node contact to the underlying first 
polysilicon plugs. 

Although the proceSS is described for making memory 
cells for DRAM devices having N-channel FETs as the 
access transistors on a P-doped Substrate, it should also be 
well understood by one skilled in the art that by including 
additional process Steps, in addition to those described in 
this embodiment, other types of devices can be included on 
the DRAM chip. For example, by forming N-well regions in 
a P-doped substrate, P-channel FETs can also be provided 
and Complementary Metal-Oxide-Semiconductor (CMOS) 
circuits can be formed therefrom, Such as are required for the 
peripheral circuits on the DRAM chip and embedded 
DRAM circuits. Although the method is described in detail 
for making auto Self-aligned polysilicon plugs, it should also 
be understood that other electrically conducting materials, 
Such as tungsten or tungsten Silicide and the like, can be used 
to form the plugs when process compatible 

Referring now to FIG. 2, the method begins by providing 
a semiconductor Substrate 10, a portion of which is shown 
in the Fig. for a partially completed DRAM cell. On the left 
is the DRAM cell and on the right is the borderless SAC. 
Typically the Substrate is a PT doped single-crystal Silicon 
having a <100> crystallographic orientation. Field OXide 
(FOX) regions 12 are formed Surrounding and electrically 
isolating the device areas. One conventional method of 
forming the field oxide regions is by using a shallow trench 
isolation (STI) method, as commonly practiced in the indus 
try. Generally the STI is formed by etching trenches in the 
field oxide regions on the substrate 10 to a depth of between 
about 2500 and 5000 Angstroms. After forming a thin 
thermal oxide (not shown) in the trenches, the trenches are 
filled with an insulating material Such a chemical vapor 
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deposited SiO2, and are made planar with the Surface of the 
Substrate 10, for example, by using a planarizing plasma 
etchback or chemical/mechanical polishing (CMP) to form 
the STI 12. Next, a thin gate oxide 14 of about 15 to 70 
Angstroms thick is grown on the device areas. 

Still referring to FIG. 2, a first polycide layer is formed by 
depositing a heavily N' doped polysilicon layer 16 and a 
refractory metal silicide layer 18. The polysilicon layer 16 is 
deposited by chemical vapor deposition (CVD) using Silane 
(SiH) as the reactant gas and is deposited to a preferred 
thickness of between about 500 and 2000 Angstroms. The 
polysilicon layer 16 is doped with arsenic (AS) or phospho 
rus (P) by ion implantation after deposition or is doped 
during the CVD polysilicon deposition by adding a dopant 
gas, Such as arsine (ASH) or phosphine (PH). Layer 16 is 
preferable doped to a concentration of between about 1.0 E 
20 and 1.0 E 22 atoms/cm. The silicide layer 18 is prefer 
ably a tungsten silicide (WSi) and is also deposited by CVD 
using tungsten hexafluoride (WF) and SiH as the reactant 
gases and is deposited to a preferred thickness of between 
about 500 and 1500 Angstroms. An insulating layer 20, such 
as Silicon oxide (SiO2), is deposited to form a first cap layer 
20 on the polycide layer (16 and 18). The cap layer 20 is 
deposited by low pressure CVD (LPCVD) using, for 
example tetraethosiloxane (TEOS) as the reactant gas, and is 
deposited to form a relatively thick layer. For example the 
SiO layer 20 is deposited to a thickness of between about 
1000 and 2000 Angstroms. The cap layer 20 and first 
polycide layer (layers 16 and 18) are then patterned using 
conventional photolithographic techniques and anisotropic 
plasma etching to form the DRAM word lines that also serve 
as gate electrodes over the device areas. Next N doped 
Source/drain areas 17(N) are formed adjacent to the gate 
electrodes, for example by ion implanting As" or ps, ions. 
Preferably ions are implanted at a dose and energy to 
achieve a final concentration of between about 1.0 E 17 and 
1.0 E 18 atoms/cm. First sidewall spacers 22 are formed on 
the sidewalls of the gate electrodes (patterned layers 20, 18 
and 16) by depositing a conformal insulating layer 22 which 
is then anisotropically etched back. The conformal layer 22 
is preferably SiO, and is deposited by LPCVD using TEOS 
as the reactant gas. The layer 22 is then anisotropically 
etched back using reactive ion etching (RIE) or a high 
density plasma (HDP) etching to achieve a Sidewall spacer 
width of between about 500 and 1000 Angstroms. Next, as 
shown in FIG. 2, a relatively thin conformal diffusion 
protection oxide layer 13 is deposited. Layer 13 is preferably 
SiO, and is deposited by LPCVD using TEOS as the 
reactant gas and is deposited to a thickness of between about 
100 and 500 Angstroms. Layer 13 is then patterned to form 
openings where contacts to the Substrate are desired, Such as 
for the self-aligned contacts (SAC) 1 (right portion of FIG. 
2) and over the DRAM cells, as shown in the left portion of 
FIG. 2. The patterning of layer 13 is carried out using a 
patterned photoresist mask (not shown) and wet etching in 
a dilute solution of hydrofluoric acid (HF) and water (HO) 
to provide essentially damage free contacts on the Substrate 
surface. Typically a solution of HF to HO of between about 
1:100 and 5:100 by volume is used to etch layer 13. 

Still referring to FIG. 2, a first conducting layer 24 is 
deposited. Layer 24 is preferably composed of an N con 
ductively doped polysilicon and is deposited by low preSSure 
chemical vapor deposition (LPCVD) using silane (SiH) as 
the reactant gas. Layer 24 is doped in Situ by adding a dopant 
gas Such as arsine (ASH) or phosphine (PH) during the 
polysilicon deposition. The layer 24 is preferably doped to 
a concentration of between about 1.0 E 20 and 1.0 E 22 
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6 
atoms/cm. The polysilicon layer 24 is deposited to a 
thickness Sufficient to fill the recesses between the word 
lines, but more Specifically to a thickness of between about 
4000 and 7000 Angstroms. 

Referring next to FIG. 3A, the polysilicon layer 24 is 
planarized back to the cap layer 20. For example, layer 20 
is chemically-mechanically polished (CMP) using commer 
cially available polishing tools. This CMP results in the 
remaining N doped polysilicon layer 24 between the word 
lines being automatically aligned to the gate electrodes 
(patterned layers 16, 18 and 20). This auto self-alignment 
eliminates the critical alignment requirement for etching the 
Self-aligning contact openings 2 in the conventional process 
(see FIG. 1A) and avoids the damage due to plasma etching 
in the contact opening. To better appreciate this proceSS Step, 
a top view after the CMP is depicted in FIG. 3B in which the 
cross section in FIG. 3A is through 3A-3A of FIG. 3B. The 
Chem-mech polished backe polysilicon layer 24 is self 
aligned to the Sidewall spacers 22 on the gate electrodes (16, 
18 and 20). The top view is only depicted for the DRAM 
portion of FIG. 3A. Since there is no critical alignment and 
etch Step, as in the conventional process (see FIG. 1A), the 
circuit density is significantly increased as required for 
Gigabit DRAM devices. Also since the N doped polysilicon 
24 is deposited prior to depositing the ILD layer and etching 
contact holes, as in the conventional process of FIG. 1, the 
method avoids plasma etch damage to the Source/drain areas 
17(N) in the DRAM cell areas and to borderless contact 
areas 19(N) as depicted in SAC portion of FIG. 3A. 

Referring now to FIG. 4A, a non-critical (alignment) 
photoresist masking Step and plasma etching are used to 
pattern the remaining polysilicon layer 24 to complete the 
first polysilicon contact plugs 24 for both the bit lines and 
capacitor node contacts. The N doped polysilicon layer 24 is 
also patterned, at the same time, to form the borderleSS 
self-aligned contacts 24 to the substrate contacts 19(N) and 
to form interconnections 25, as depicted in the right portion 
(SAC) of FIG. 4A. The plasma etching is carried out 
preferably in a high density plasma (HDP) etcher using an 
etchant gas mixture containing chlorine (Cl-) and hydrogen 
bromide (HBr). 
A top view of the DRAM cell after the process step 

carried out in FIG. 4A is depicted in FIG. 4B. The borderless 
contact (SAC) portion of FIG. 4A is not depicted in the top 
view. The cross section for the DRAM in FIG. 4A is shown 
for the region through 4A-4A of the top view in FIG. 4B. 
The photoresist mask is not shown, but the alignment of the 
mask is non-critical in both the X and y directions for etching 
the plugs 24 depicted in FIG. 4B. Since the patterned 
photoresist mask can overlap the cap insulating layer 20 an 
isotropic plasma etch can be used to effectively remove the 
polysilicon layer 24 in the recesses between the word lines 
(16, 18, 20). Further, since the plugs do not extend over the 
word lines the parasitic capacitance between the plug 24 and 
the word line is reduced. 

Still referring to FIG. 4A, a first insulating layer 26 is 
deposited and planarized. The insulating layer 26 is prefer 
ably SiO2 or a doped oxide Such as borophoSOsilicate glass 
(BPSG). The SiO is deposited by LPCVD using a reactant 
gas such as TEOS and the BPSG can be formed by adding 
a dopant gas during deposition. The insulating layer 26, 
commonly referred to in the industry as the first inter 
polysilicon oxide (IPO-1) layer, is preferably planarized by 
CMP. Because the first insulating layer is deposited after the 
polysilicon plugs 24 are formed, the air gaps (or voids) 
formed are not continuously open between the closely 
Spaced plugs 24. This avoids the electrical shorts, of the 
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conventional process where contact openings 2 are etched in 
the insulating layer 24 having the keyhole gaps due to poor 
gap filling, as depicted in the prior art of FIG. 1A. Since the 
closed voids (point B in FIG. 4A) have an effective relative 
dielectric k equal to about 1.0, the intralevel parasitic 
capacitance is also further reduced. 

Referring now to FIG. 5, conventional photolithographic 
techniques and anisotropic plasma etching are used to etch 
contact openings 4 in the first insulating layer 26 to first 
contact plugs 24 for bit line contacts while the first contact 
plugs 24 for node contact are protected with photoresist (not 
shown). After Stripping the photoresist a Second polycide 
layer composed of a N doped polysilicon layer 28, a 
refractory metal Silicide layer 30 and a Second cap insulating 
layer 32 is deposited and patterned to form the bit lines. The 
proceSS for forming the bit lines is similar to the proceSS for 
forming the word lines and is therefore not discussed in 
detail. However, the preferred thickness of the polysilicon 
layer 28 is between about 500 and 1000 Angstroms, the 
thickness of the tungsten silicide layer 30 is between about 
500 and 1500 Angstroms, and the thickness of the cap layer 
32 is between about 1000 and 2000 Angstroms. However, 
the Second insulating cap layer 32 and the Sidewall spacers 
34 for the bit lines are preferably composed of silicon nitride 
(SiN.) and/or silicon oxynitride (SiON). For example the 
SiN can be deposited by LPCVD using silane and ammo 
nia (NH)as the deposition gases, and the SiON can be 
deposited by adding nitrous oxide (NO) during LPCVD. 

Referring now to FIG. 6, the method of making auto 
Self-aligned Second contact plugs for capacitor node contacts 
that are auto Self-aligned to the bit lines is now described. 
Since the bit lines are typically formed orthogonal to the 
word lines on the actual product the cross Sectional views in 
FIGS. 6 through 9 are cross section that are normal to the 
cross sections in the earlier FIGS. 2-5, and therefore, the 
FET gate electrodes are not in view. Referring first to the 
DRAM portion of FIG. 6, openings 6 are selectively etched 
in the first insulating layer 26 to the first contact plugs 24 for 
forming capacitor node contacts. Concurrently, contact 
openings (also labeled 6) for the borderless contacts 19(N) 
are etched in layer 26 to the polysilicon plugs 24, as depicted 
in the SAC portion of FIG. 6. The openings in the photo 
resist mask (not shown) used for making these contact 
openings 6 extend over the SiN. cap layer 32 and therefore 
the openingS 6 in layer 26 are Self-aligned to the bit lines. 
Typically the contact openings 6 are etched using HDP 
etching or reactive ion etching and an etchant gas mixture 
which selectively etches the SiO2 to the SiN cap layer. For 
example, one preferred etch gas mixture is a fluorine based 
gas and oxygen (O2) which has an etch rate Selectivity of 
SiO to SiN. of about 5:1. 

Still referring to FIG. 6, a second conducting layer 36, 
preferably composed of an N-doped polysilicon, is depos 
ited by LPCVD using Silane as the reactant gas and is in Situ 
doped with an N type conductive dopant. For example layer 
36 can be doped with phosphorus (P), by adding a dopant 
gas, Such as phosphine (PH) during the deposition. Poly 
Silicon layer 36 is doped to a preferred concentration of 
between about 1.0 E 20 and 1.0 E 22 atoms/cm and is 
deposited to a thickness Sufficient to fill the recesses between 
the bit lines (patterned layers 28, 30 and 32). More specifi 
cally layer 36 is deposited to a thickness of between about 
4000 and 7000 Angstroms. 
Now as shown in FIG. 7A, the polysilicon layer 36 is 

chemically-mechanically polished back to the SiN Second 
cap layer 32. This Second polish back results in a Second 
auto Self-aligned contact, also labeled 36, that eliminates 
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8 
another critical photoresist mask alignment and further 
increases the circuit density for Gigabit DRAM devices. The 
method forms the capacitor node contacts for the DRAM 
cells while concurrently forming the auto Self-aligned con 
tacts 36 to the first polysilicon plugs 24 for the borderless 
contact 19(N), as depicted in the SAC portion of FIG. 7A. 
To better appreciate this improved structure a top view of the 
DRAM cell area is shown in FIG. 7B with the cross section 
in FIG. 7A through the region 7A-7A in FIG. 7B. The top 
view depicts the polished back polysilicon layer 36 auto 
self-aligned to the SiN or SiON sidewall spacers 34, and 
therefore self-aligned to the bit lines (patterned layers 28, 30 
and 32). 

Referring now to FIG. 8A, the remaining portions of the 
polished back polysilicon layer 36 are then patterned using 
a photoresist mask and plasma etching to form Second 
contact plugs 36 to the first contact plugs 24 for capacitor 
node contacts. Conventional photolithographic techniques 
and plasma etching are used to pattern the remaining poly 
Silicon layer 36, Similar to the process used to etch the first 
polysilicon plugs 24. The N doped polysilicon layer 36 is 
also patterned, at the same time, to complete auto Self 
aligned contacts for the borderleSS Self-aligned contacts 24 
to the substrate contacts 19(N), as depicted in the right 
portion (SAC) of FIG. 8A. The polysilicon layer 36 remain 
ing in the recesses between the bit lines after CMP is 
patterned using Selective etching in a high density plasma 
(RDP) etcher that etches polysilicon selectively to the SiN 
insulating cap layer 32, to the Sidewall Spacers 34, and to the 
underlying Silicon oxide layer 26 . The etch rate ratio of 
polysilicon to Silicon nitride is preferably greater than about 
5:1, and can be achieved using an etchant gas mixture 
having a Cl base. 
The photoresist mask (not shown) used to pattern the 

Second polysilicon plugs 36 also extends over the SiN 
insulating cap 32, therefore, the alignment of the photo 
resist etch mask is not critical and full advantage of the auto 
self-alignment is used to achieve Gigabit DRAM devices. To 
better appreciate this auto Self-alignment a top view is 
shown in FIG. 8B after the patterning of the second poly 
silicon plugs 36. The cross section in FIG. 8A is through the 
region 8A-8A in FIG. 8B. Since the second polysilicon 
plugs 36 are perfectly aligned to the Sidewall Spacers 34, and 
therefore aligned to the bit lines (patterned layers 28, 30 and 
32) the maximum density is achieved. 

Still referring to FIG. 8, a planar second insulating 38, 
commonly referred to as an interpolysilicon oxide 2 (IPO-2), 
is formed over the bit lines as an insulating layer. The 
preferred Second insulating layer 38 is SiO2 or a doped glass 
and is deposited by LPCVD using a reactant gas Such a 
TEOS or TEOS and Ozone (O) to form SiO. The SiO, can 
be doped with boron and/or phosphorus during deposition to 
form a BSG or a BPSG. Insulating layer 38 is then 
planarized, for example by CMP to have a preferred thick 
ness of between about 5000 and 15000 Angstroms over the 
bit lines. Since the second insulating layer 38 is deposited 
after the auto Self-aligned polysilicon plugs 36 are formed, 
any air gaps (voids) due to poor gap fill of layer 38, Such as 
void C depicted in the right (SAC) portion of FIG. 8A do not 
cause electrical shorts between the plugs 36. 

Referring now to FIG. 9, an array of DRAM stacked 
capacitors are formed to complete the array of memory cells. 
Conventional photolithographic techniques and anisotropic 
plasma etching are used to etch openingS 8 in the Second 
insulating layer 38 aligned over the Second polysilicon plugs 
36. The openings 8 are etched selectively to the polysilicon 
plugs 36 using reactive ion etching (RIE) and an etchant gas 



US 6,255,160 B1 

containing fluorine species (e.g. CHF) to achieve openings 
having essentially vertical Sidewalls. 

Next a conformal third conducting layer 40 is deposited. 
Layer 40 is preferably a doped polysilicon layer, deposited 
by LPCVD using, for example, SiH as the reactant gas, and 
is doped in Situ with phosphorus by adding a dopant gas Such 
as phosphine (PH). Layer 40 is deposited to a preferred 
thickness of between about 500 and 1000 Angstroms, and is 
doped to a concentration of between about 1.0 E 20 and 1.0 
E 22 atoms/cm. Layer 40 is then etched or polished back to 
form capacitor bottom electrodes in the openingS 8 while 
removing completely the polysilicon layer 40 from the top 
surface of the insulating layer 38. Then a thin interelectrode 
dielectric layer 42, that has a high dielectric constant (high 
k), is formed on the array of bottom electrodes 40. The 
dielectric layer 42 is preferably composed of layers of 
SiO/SiN/SiO (ONO). The ONO dielectric layer can be 
formed by first growing a thin thermal oxide (e.g., 5 
Angstroms) on the polysilicon bottom electrodes 40. A 
SiN layer is deposited by LPCVD. Then a thin SiO is 
formed using an oxidation furnace to partially reduce the 
SiN layer to form a top SiO2 layer that provides a 
pin-hole-free ONO layer. The effective thickness of the 
ONO is about 35 to 50 Angstroms. A fourth conducting layer 
44 is deposited over the capacitor bottom electrodes to 
complete the capacitors and to form a high-density array of 
memory cells for Gigabit DRAM devices. Layer 44 is 
preferably an in-situ doped polysilicon layer and is depos 
ited by LPCVD using a reactant gas Such SiH, and using a 
dopant gas Such as PH. The polysilicon layer 44 is doped 
N" to a preferred concentration of between about 1.0 E 19 
and 1.0 E 22 atoms/cm. The preferred thickness of the 
polysilicon layer 44 is between about 500 and 1000 Ang 
Stroms. Layer 44 is then patterned to form the capacitor top 
electrodes. A third insulating layer 46 is deposited Suffi 
ciently thick to electrically insulate the array of capacitors 
on the DRAM device prior to Subsequent processing to 
complete the DRAM device. Layer 46 is SiO, and is 
deposited by LPCVD. 

While the invention has been particularly shown and 
described with reference to the preferred embodiment 
thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made without 
departing from the Spirit and Scope of the invention. 
What is claimed is: 
1. A method for making an array of high-density memory 

cells having auto-Self-aligned contacts for DRAM devices 
on a Semiconductor Substrate comprising the Steps of: 

forming device areas for memory cells Surrounded and 
electrically isolated by field oxide areas on Said Sub 
Strate, 

forming a gate oxide on Said device areas, 
depositing a first polycide layer and a first cap oxide layer 

and patterning to form word lines extending over Said 
device areas to form FET gate electrodes, and forming 
doped Source/drain areas adjacent to Said gate 
electrodes, and forming first Sidewall Spacers on Said 
word lines, 

forming a patterned diffusion protection oxide with open 
ings for contacts to Said Substrate; 

depositing a first conducting layer; 
polishing back Said first conducting layer to Said first cap 

oxide layer and patterning Said first conducting layer to 
form first contact plugs that are auto-Self-aligned to 
Said gate electrodes, 

depositing and planarizing a first insulating layer; 
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10 
etching bit-line contact openings in Said first insulating 

layer to Said first contact plugs, 
depositing a Second polycide layer and a Second cap layer 

and patterning to form bit lines and forming insulating 
Second Sidewall Spacers on Said bit lines, 

etching capacitor node contact openings in Said first 
insulating layer to Said first contact plugs, 

depositing a Second conducting layer; 
polishing back Said Second conducting layer to Said 

Second cap layer and patterning Said Second conducting 
layer to form Second contact plugs for capacitor node 
contacts to Said first contact plugs, Said Second contact 
plugs auto-Self-aligned to Said bit lines, 

depositing and planarizing a Second insulating layer and 
etching openings for capacitor bottom electrodes to 
Said Second contact plugs, 

forming a third conducting layer in Said openings for Said 
capacitor bottom electrodes, and forming an interelec 
trode dielectric layer and a fourth conducting layer to 
form Said capacitors and completing Said array of 
high-density memory cells. 

2. The method of claim 1, wherein said first polycide layer 
is composed of a doped polysilicon layer having a thickness 
of between about 500 and 2000 Angstroms and an upper 
tungsten Silicide layer having a thickness of between about 
500 and 1500 Angstroms. 

3. The method of claim 1, wherein said first cap oxide 
layer is Silicon oxide deposited by low-pressure chemical 
vapor deposition to a thickness of between about 1000 and 
2000 Angstroms. 

4. The method of claim 1, wherein said first sidewall 
Spacers are Silicon oxide and have a width of between about 
500 and 1000 Angstroms. 

5. The method of claim 1, wherein said diffusion protec 
tion layer is Silicon oxide deposited by chemical vapor 
deposition to a thickness of between about 100 and 500 
Angstroms. 

6. The method of claim 1, wherein said first conducting 
layer is a polysilicon layer deposited by low-pressure chemi 
cal vapor deposition to a thickness Sufficient to fill the 
recesses between Said word lines, and is doped with an N 
type dopant to a concentration of between about 1.0 E20 and 
1.0 E 22 atoms/cm. 

7. The method of claim 1, wherein said first insulating 
layer is Silicon oxide deposited by low-pressure chemical 
Vapor deposition and is polished to have a thickness of 
between about 3000 and 5000 Angstroms over said FET gate 
electrodes. 

8. The method of claim 1, wherein said second polycide 
layer is composed of a doped polysilicon layer having a 
thickness of between about 500 and 1000 Angstroms and an 
upper tungsten Silicide layer having a thickness of between 
about 500 and 1500 Angstroms. 

9. The method of claim 1, wherein said second cap layer 
is Silicon nitride deposited by low-pressure chemical vapor 
deposition to a thickness of between about 1000 and 2000 
Angstroms. 

10. The method of claim 1, wherein said second sidewall 
Spacers are formed by depositing a conformal layer of 
Silicon oxynitride and anisotropically etching back to form 
Said Second Sidewall Spacers having a width of between 
about 500 and 1500 Angstroms. 

11. The method of claim 1, wherein said capacitor node 
contact openings that are Selectively etched in Said first 
insulating layer to Said first contact plugs are also Selectively 
etched to Said Second cap layer and Said Second Sidewall 
Spacers to prevent electrical Shorts to Said bit lines. 
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12. The method of claim 1, wherein said second conduct 
ing layer is a doped polysilicon layer deposited by low 
preSSure chemical vapor deposition to a thickness Sufficient 
to fill the recesses between said bit lines, and is doped with 
an N type dopant to a concentration of between about 1.0 E 
20 and 1.0 E 22 atoms/cm. 

13. The method of claim 1, wherein said second insulating 
layer is silicon oxide deposited by LPCVD and is planarized 
to have a thickness of between about 1500 and 4000 
Angstroms over Said bit lines. 

14. A method for making an array of high-density memory 
cells having auto-Self-aligned contacts for DRAM devices 
on a Semiconductor Substrate comprising the Steps of: 

forming device areas for memory cells Surrounded and 
electrically isolated by field oxide areas on Said Sub 
Strate, 

forming a gate oxide on Said device areas, 
depositing a first polycide layer and a first cap oxide layer 

and patterning to form word lines extending over Said 
device areas to form FET gate electrodes, and forming 
doped Source/drain areas adjacent to Said gate 
electrodes, and forming first Sidewall Spacers on Said 
word lines, 

forming a patterned diffusion protection oxide with open 
ings for contacts to Said Substrate; 

depositing a first conducting layer composed of doped 
polysilicon; 

polishing back Said first conducting layer to Said first cap 
oxide layer and patterning Said first conducting layer to 
form first contact plugs that are auto-Self-aligned to 
Said gate electrodes, 

depositing and planarizing a first insulating layer; 
etching bit-line contact openings in Said first insulating 

layer to Said first contact plugs, 
depositing a Second polycide layer and a Second cap layer 

and patterning to form bit lines and forming insulating 
Second Sidewall Spacers on Said bit lines, 

etching capacitor node contact openings in Said first 
insulating layer to Said first contact plugs, 

depositing a Second conducting layer composed of doped 
polysilicon; 

polishing back Said Second conducting layer to Said 
Second cap layer and patterning Said Second conducting 
layer to form Second contact plugs for capacitor node 
contacts to Said first contact plugs, Said Second contact 
plugs auto-Self-aligned to Said bit lines, 

depositing and planarizing a Second insulating layer and 
etching openings for capacitor bottom electrodes to 
Said Second contact plugs, 

forming a third conducting layer in Said openings for Said 
capacitor bottom electrodes and forming an interelec 
trode dielectric layer and a fourth conducting layer to 
form Said capacitors and completing Said array of 
high-density memory cells. 
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15. The method of claim 14, wherein said first polycide 

layer is composed of a doped polysilicon layer having a 
thickness of between about 500 and 2000 Angstroms and an 
upper tungsten Silicide layer having a thickness of between 
about 500 and 1500 Angstroms. 

16. The method of claim 14, wherein said first cap oxide 
layer is Silicon oxide deposited by low-pressure chemical 
vapor deposition to a thickness of between about 1000 and 
2000 Angstroms. 

17. The method of claim 14, wherein said first sidewall 
Spacers are Silicon oxide and have a width of between about 
500 and 1000 Angstroms. 

18. The method of claim 14, wherein said diffusion 
protection layer is Silicon oxide deposited by chemical vapor 
deposition to a thickness of between about 100 and 500 
Angstroms. 

19. The method of claim 14 wherein said first conducting 
layer composed of a polysilicon layer is deposited by 
low-pressure chemical vapor deposition to a thickness Suf 
ficient to fill the receSSes between Said word lines, and is 
doped with an N type dopant to a concentration of between 
about 1.0 E 20 and 1.0 E 22 atoms/cm. 

20. The method of claim 14, wherein said first insulating 
layer is Silicon oxide deposited by low-pressure chemical 
Vapor deposition and is polished to have a thickness of 
between about 2000 and 4000 Angstroms over said FET gate 
electrodes. 

21. The method of claim 14, wherein said second polycide 
layer is composed of a doped polysilicon layer having a 
thickness of between about 500 and 1000 Angstroms and an 
upper tungsten Silicide layer having a thickness of between 
about 500 and 1500 Angstroms. 

22. The method of claim 14, wherein said second cap 
layer is silicon nitride deposited by low-pressure chemical 
vapor deposition to a thickness of between about 1000 and 
2000 Angstroms. 

23. The method of claim 14, wherein said second sidewall 
Spacers are formed by depositing a conformal layer of 
Silicon oxynitride and anisotropically etching back to form 
Said Second Sidewall Spacers having a width of between 
about 500 and 1500 Angstroms. 

24. The method of claim 14, wherein said capacitor node 
contact openings that are Selectively etched in Said first 
insulating layer to Said first contact plugs are also Selectively 
etched to Said Second cap layer and Said Second Sidewall 
Spacers to prevent electrical Shorts to Said bit lines. 

25. The method of claim 14, wherein said second con 
ducting layer composed of a doped polysilicon layer is 
deposited by low-pressure chemical vapor deposition to a 
thickness Sufficient to fill the recesses between said bit lines, 
and is doped with an N type dopant to a concentration of 
between about 1.0 E 22 and 1.0 E 22 atoms/cm. 

26. The method of claim 14, wherein said second insu 
lating layer is silicon oxide deposited by LPCVD and is 
planarized to have a thickness of between about 2000 and 
4000 Angstroms over said bit lines. 
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